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Abstract
Climate change is likely to have wide-ranging impacts on
maternal and neonatal health in Africa. Populations in lowresource settings already experience adverse impacts from
weather extremes, a high burden of disease from environmental exposures, and limited access to high-quality clinical
care. Climate change is already increasing local temperatures. Neonates are at high risk of heat stress and dehydration due to their unique metabolism, physiology, growth,
and developmental characteristics. Infants in low-income
settings may have little protection against extreme heat due
to housing design and limited access to affordable space
cooling. Climate change may increase risks to neonatal
health from weather disasters, decreasing food security, and
facilitating infectious disease transmission. Effective interventions to reduce risks from the heat include health education on heat risks for mothers, caregivers, and clinicians; nature-based solutions to reduce urban heat islands; space
cooling in health facilities; and equitable improvements in
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housing quality and food systems. Reductions in greenhouse gas emissions are essential to reduce the long-term
impacts of climate change that will further undermine global health strategies to reduce neonatal mortality.
© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

The world’s climate is warming with increasing intensity. The IPCC estimates that “Global warming of 1.5°C
and 2°C will be exceeded during the 21st century unless
deep reductions in carbon dioxide and other greenhouse
gas emissions occur in the coming decades” [1]. Although
there is an emerging interest in climate effects on human
health, public health policy has not sufficiently addressed
the risks of heat and other climate risks for neonates (the
first 28 days of life), infants, and children.
Africa is likely to be one of the regions most affected
by climate change [1], which will increase the frequency
and intensity of heat extremes, heavy precipitation, agricultural droughts, and the proportion of intense tropical
cyclones. African countries currently experience a high
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Fig. 1. Pathways in which climate change may affect neonatal health and interventions that may reduce the health risk.

burden of neonatal mortality. The incidence of preterm
birth and low birth weight is high compared to other regions, and many pregnant women may have compromised health when entering pregnancy. Three-quarters
of all neonatal deaths, globally and in Africa, are in the
first week of life, and many deaths occur at home without
contact with the formal health sector. Thus, many neonatal deaths remain unrecorded, and the lack of routine and
robust mortality data has been a barrier to understanding
the environmental determinants of neonatal mortality.
Figure 1 describes the pathways in which climate
change may affect neonatal health, through increases in
daily temperatures and changed rainfall patterns. Babies
born too soon, with low birth weight and an immature
immune system, are already at high risk of adverse outcomes. This paper reviews the evidence regarding the impacts of climate hazards on neonates and then discusses
2
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potential interventions to address these challenges. We
do not discuss air quality in detail because it is not one of
the main pathways by which climate change affects health.
Fossil fuel combustion causes both air pollution and climate change; therefore, actions to reduce carbon emissions will also significantly benefit infant health through
improvements in air quality. Climate change, environmental degradation, conflict, pervasive inequalities, and
predatory commercial practices threaten the health and
future of children in every country [2].
Heat Stress in the Neonate and Infant

Heat triggers several pathophysiological processes that
manifest as clinical symptoms and signs in foetuses and
neonates. These include increased foetal tachycardia and
Nakstad/Filippi/Lusambili/Roos/Scorgie/
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reduced foetal movements [3], and foetal distress [4].
Clinical manifestations of heat stress in the neonate include meconium aspiration syndrome [4], neonatal jaundice [5], heat exhaustion and neurological dysfunction,
and dehydration [6], leading to emergency hospital admission, long-term sequelae, or death.
Many households in Africa currently experience very
high temperatures and high humidity which present a
risk to health for adults and children. Neonates and infants are less able to dissipate heat and thermoregulate
[7], and high humidity limits the ability to lose heat
through sweating. Overbundling in clothing or blankets
and being placed in direct sun without shading can also
contribute to hyperthermia in this age group [6, 8]. Critical heat illness and dehydration may further be accompanied by electrolyte disturbances, peripheral gangrene,
convulsions, central venous and aortic thrombosis, and
coma in the acute period. The fatality rate of heatstroke is
high. Hepatocellular necrosis and disseminated intravascular coagulation are reported in children with hyperthermia, with postmortem findings of intrathoracic petechiae [9].
Increased mortality among neonates due to heat stress
has been reported during heatwave events [10]. Analysis
of US deaths attributed to excessive heat shows that risk
increases at the very young and very old end of the age
spectrum. The risk of heat death (ICD10 X30 and T67) is
4.4 times higher in infants than in young adults [11].
Mortality from nonhyperthermia causes can also increase
during hot weather. A study in rural Bangladesh has
shown that neonates delivered during periods of extreme
heat and at home are more likely to be severely ill than
those born on cooler days [12]. We found no studies that
quantified the association between daily temperature and
perinatal mortality or morbidity. Several studies have
shown an association between infant mortality and high
daily temperatures (e.g., above 95th centile) [13, 14] and
emergency child admissions and high daily temperatures
[15, 16]. Further, there is good evidence that high temperatures affect birth outcomes, including the risk of preterm birth, low birth weight, and stillbirth [17].
The neonatal thermoregulatory capacity depends on
several factors including environmental temperature,
feeding, time of day, age, and growth rate [18]. The interactions between temperature and humidity and other environmental stressors (e.g., air pollution) are poorly understood. At high ambient temperatures, neonatal thermal equilibrium can only be achieved by additional heat
loss through vasodilation and evaporation of sweat and
not by downregulating basal metabolic rate. In small pre-

mature infants, the sensitivity of the thermoregulatory
system may be especially vulnerable because of the larger
body surface versus weight. The neonatal responses to
overheating were studied in 83 healthy term and preterm
infants who found that even the most immature babies
appeared to make appropriate responses to moderate, but
not extreme, heat stress [19]. When it is very hot, even
small changes in body temperature can increase the risk
of neonatal mortality [20]. Elevated core temperature
may induce acute apneic episodes [21] and sudden death
[22].
Hyperthermia may aggravate brain damage in neonatal hypoxemia-asphyxia cases as shown in experimental
animals [23]. The literature on hyperthermia effects on
human neonates with hypoxic-ischemic encephalopathy
is scarce, while hypothermia is well documented as neuroprotective for the term and near-term infants with hypoxic-ischemic encephalopathy, by inhibiting various
events in the cascade of injury resulting from excitotoxic
and oxidative injury culminating in cell death [24, 25].
Neonates and infants depend on others to keep cool
and hydrated, and to avoid heat-related complications
[6]. However, during an extreme heat or drought event,
mothers may become exhausted themselves which may
impact the quality of the care they provide for their newborns. Most babies, regardless of gestational age and illness, are less active in the heat. Warning signs of neonatal
overheating include a flushed face, warm skin, rapid
breathing, and heart rate, sometimes restlessness and irritability, but the baby may not develop a fever or sweat.
The physical response to heat stress may be difficult to
clinically distinguish from the diversity of neonatal and
infant illnesses. Importantly, the baby may become silent,
which may be misinterpreted as a healthy sleeping baby,
and not offered fluids and breast milk until it is too late
and already severely dehydrated.

Climate Change and Neonatal Health
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Climate Impacts on Nutrition and Breastfeeding

Climate change is likely to adversely affect food security with implications for maternal health, babies, and infants [26]. Climate change is projected to cause significant reductions in food availability, which can be exacerbated by increases in extreme weather events [1, 2].
Early initiation of breastfeeding and exclusive breastfeeding is essential for child health. The effective establishment of lactation requires early and frequent breast
stimulation and emptying of the breast to ensure enough
milk for nutrition and hydration [27]. This mechanism
3

helps avert infant dehydration and ensures and enhances
nutrition. Breastfeeding women need to drink enough
fluid to maintain breast milk production and avoid dehydration. Human milk provides all the necessary fluids
that the exclusively breastfed neonate needs [28], with
90% water and other essential nutrients, and antimicrobial factors that may help reduce the risk of neonatal infections [29]. In vitro studies suggest that high temperatures (39°C) induce a high lactation capacity of mammary epithelial cells through control of STAT signalling,
whereas long-term exposure to 41°C leads to a decline in
milk production by inactivation of the signalling pathway
as well as a decrease of the number of milk-producing
cells [30].
Fluid intake is important for neonatal thermoregulatory function, with uncompensated loss of body fluid
considered a major risk factor in the development of heat
illness [8]. It is possible that dehydration is one of the
main impacts of heat on neonates. However, there is very
little evidence in the published literature on the role of
high temperatures in neonatal admissions for hyperthermia or dehydration.
Danger signs of dehydration include a neonate that
looks unwell and restless, is refusing to breastfeed, have
no or fewer wet nappies. During periods of heat, babies
may not want to feed often or for long. This may be uncomfortable for mothers who are also suffering from heat
stress. The discrepancy between the nutritional demands
of the newborn and the nutritional supplies is particularly evident in the first weeks after birth [31]. Malnutrition is a risk factor for other diseases, and those born too
soon or with low birth weight are especially vulnerable to
adverse effects on the metabolism needed to enable
growth and development.
Heat episodes can also be associated with hydrological or agricultural drought leading to reduced agricultural yields and increased household food insecurity.
Reductions in water quality and quantity are a risk to
maternal and neonatal health, including infant morbidity, diarrhoeal disease, and infections in particular [28,
32]. The hydrating properties of breast milk are sufficient in exclusively breastfed infants under hot and arid
conditions [28], and consequently, there is no robust
evidence that there is a need to supplement newborns
with water or herbal teas to prevent dehydration except
under some conditions [33]. Climate change may however increase the risk of dehydration in mothers, where
there are high temperatures and limited access to household water.

4
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Climate-Sensitive Infections

Changes in temperature, rainfall, and humidity influence the transmission of infectious diseases [2]. Increasing temperature is known to affect the growth of bacteria
in the environment. High ambient temperatures and high
humidity were associated with increased Group B strep
colonization during pregnancy in Spain [34], relevant to
neonatal health since Group B strep-invasive disease is
often fatal. Neonatal-invasive infections develop rapidly
and are frequently fatal. It has been suggested that an increase in local minimum temperatures may facilitate antibiotic resistance to common neonatal pathogens [35].
Further, there is some evidence that higher temperatures
may increase the risk of infection due to effects on adaptive immunity by promoting activation, function, and delivery of immune cells [36].
Changes in temperature, rainfall, and humidity influence the transmission of vector-borne diseases [37] and
climate change is likely to expand the range and transmission seasons for a range of diseases important for maternal and neonatal health [38]. The distribution, intensity
of transmission, and seasonality of malaria have already
been affected by higher temperatures and increased vector activity [39]. Neonatal and congenital malaria are potentially life-threatening conditions. Recent reports suggest that the number of cases is increasing, but the epidemiology remains poorly described. There is a need to
conduct routine malaria diagnostic testing for febrile neonates in malaria-endemic areas [40].
Mosquito-borne arboviruses are likely to expand their
distribution due to climate change. Neonatal dengue is
reported in the literature with contradictory findings on
clinical characteristics and diagnosis [38]. Zika virus infection during pregnancy can cause infants to be born
with microcephaly and other congenital malformations.
Climate change will facilitate the spread of invasive mosquitoes, including the vectors of dengue and Zika viruses
[41].
Climate-Resilient Health Systems: Health Workers
and Health Facilities

Heatwaves can cause problems with health service delivery as they affect the functionality of hospitals and the
thermal comfort of patients and clinical and other staff.
Reported impacts of heatwaves include discomfort or distress of mothers and their visitors; equipment failure,
such as failure of refrigeration systems, disruption of labNakstad/Filippi/Lusambili/Roos/Scorgie/
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oratory services; and degradation or loss of medicines.
Power failures are more likely to occur during heat events
due to surges in electricity demand. Health facilities could
make better use of climate services (including heatwave
alerts and daily weather forecasts) to improve planning.
The WHO has developed a framework for climate-resilient health systems [42], which includes consideration
of health facilities, health workforce, and climate-informed health programmes. The criteria for climate-resilient facilities, including ensuring facilities, have a reliable energy system. A resilient healthcare facility is structurally and functionally able to withstand climate hazards
and therefore long-term planning is required to ensure
the health facilities are designed to function well in future
hotter climates. Health facilities should be able to cope
with acute increases in demand (e.g., increased NICU admissions in a heatwave) as well as provide space for cooling in maternity wards and delivery rooms.
Urban areas are often hotter than surrounding areas
due to less vegetation and more heat-absorbing surfaces
that retain and subsequently reradiate incident solar radiation (the urban “heat island” effect). A study in health
facilities in urban Ghana [43] found that some health facilities were 6°C warmer at night than reported by official
records from nearby weather stations, due to a combination of the greater thermal inertia of the buildings and the
urban heat island effect. Staff in the health facilities made
operational adjustments to reduce extreme weather
stress, including improving ventilation during extreme
heat, and using alternative power sources for emergency
surgery and storage during outages. The study highlighted the need for routine temperature monitoring to better
manage heat in health facilities and improved emergency
response plans.
Interventions and Response Measures for Mothers

Cost-effective interventions can reduce the health risk
of elevated ambient temperatures, including space cooling, enough breastfeeding for hydration and nutrition of
babies, and guidance for care to reduce the risk of negative effects of extreme heat. Heatstroke or heat illness can
be managed through early resuscitation and cooling.
Neonatal overheating, dehydration, and malnutrition
caused by heat are probably associated with first-time
motherhood, early postdelivery discharge, maternal illness, inadequate lactation support for mothers, and undiscovered neonatal illness, so it is important to inform
mothers and caregivers on the danger signs of heat illness
Climate Change and Neonatal Health

and guide them to close observation, maybe through public health information campaigns.
Kangaroo mother care including skin-to-skin is protective against a wide variety of adverse neonatal outcomes, facilitates close observation of the baby, and also
improves the likelihood of exclusive breastfeeding [44].
This safe and low-cost intervention has the potential to
prevent many complications associated with preterm
birth and may also provide benefits to full-term neonates.
However, in the heat, mothers may be reluctant to practice skin-to-skin care due to discomfort for mother and
baby. The benefits and effectiveness of kangaroo mother
care in very hot settings need further research.
The healthcare giver and mother need to be aware of
danger signs of hyperthermia and dehydration. There is
a need for additional research to improve our understanding of how weather and climate can influence neonatal health. Filling gaps will help better define the potential health impacts of climate change and identify specific
public health adaptations to increase resilience. Thus, region-specific policies are vital to the mitigation of heatrelated deaths [10]. Given the scarce evidence on the effectiveness of the above interventions, further implementation research is needed on behaviour and possible
adaptation in very hot settings.
Breastfeeding Interventions

Whenever possible, exclusive human breast milk is the
optimal choice for neonates and infants. To ensure adequate volumes, it is important to support the mother to
start breastfeeding or expressing breast milk early and do
it regularly [45]. Guidance and support for breastfeeding
and management of cooling the neonate could be updated to address concerns about dehydration and heat stress.
There is good evidence that educational programs help
promote sustained breastfeeding [46] and should incorporate the involvement of partners and fathers, as well as
health systems, households, and the community [47].
Improved guidance for health workers should include
knowledge to assure survival from potentially fatal heat
illness. Guidance should be to quickly and appropriately
recognize and treat the neonate at risk, before collapse.
Management protocols should establish effective prevention and management strategies to minimize the risk of
and improve the outcome from dehydration and heat illness, thereby affecting neonatal and infant health via policy creation and modification.
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Training instructors to teach mothers and families on
how to observe danger signs and how to manage heat and
its complications should begin at the start of each hot season. Training opportunities online and in-person should
be available for information and training for healthcare
workers who meet the families during antenatal visits and
also when the baby is newly born. A variety of Internetbased e-technologies can be used to promote, educate,
and support care by healthcare givers, mothers, and families. Staff at local health centres in rural districts where
babies are born at home should be trained and involved
in planning to understand danger signs.
Housing Design and Shading Interventions

There are many factors in poor urban designs that can
increase temperatures within cities (urban heat islands),
and this may exacerbate temperatures in rapidly growing
cities. As urbanization increases, planning should aim to
build well-designed dwellings and maintain or increase
urban green space and other measures to reduce high indoor temperatures. Understanding how housing quality
influences neonatal health, especially in hot low-resourced settings, is important. In many parts of Africa,
people live in small, poorly ventilated houses without
windows and with roofs made of heat-trapping materials.
Several aspects of the indoor environment can negatively
affect neonatal health. Cooking is often done inside houses using fires, producing large volumes of smoke that remain trapped inside. These houses may experience indoor temperatures as high or higher than outdoor temperatures and do not protect the neonate against
overheating. Teare et al. [48] found that some low-cost
dwellings experienced 4°C higher temperatures indoors
than outdoors. There is considerable evidence regarding
the adaptation of housing designs, including traditional
designs, which could reduce the risk of high indoor temperatures [48]. Adapting building materials to counteract
rising ambient temperatures is important, for example,
the use of cement floors which are cooler than other floor
types. Houses can lack reliable electricity, and in some
areas and during droughts, there can be shortages of water. Use of renewable energy to ensure reliable electricity
will help efforts to reduce the indoor temperature, for example, by the use of fans (although these tend to be less
effective at high temperatures), or the production of ice
packs or cold water.

6
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Conclusion

There is emerging evidence that newborns are at risk
from extreme hot weather, flooding, and storms. More
research is needed to explore the mechanisms by which
heat affects neonatal health and establish which neonates
are most at risk. Cost-effective interventions can be developed to reduce the risk of heat, but there is a need for
more evidence-based interventions, including how to detect the early signs of heat stress in neonates and infants.
In addition, more evidence is needed on how other weather extremes affect the health of neonates in Africa, including through damage caused to the health structure.
Long-term planning is required to ensure that health
facilities are designed to function well in future hotter climates. Vulnerability to high temperatures is exacerbated
by poor building designs and inappropriate building materials, and lack of access to reliable energy supply. Potential interventions include changes to health facility design, planting trees for shade, cooling interventions, and
revised health guidance that include close observation of
the neonate, adequate hydration, and prevention of infections. Additional research is needed to develop these interventions and support countries in Africa to prepare
and adapt to rising regional temperatures.
Acknowledgements
We thank Yolanda Fernandez for her help with this draft and
professor Terje Revheim-Rootwelt for his kind support in Norway.

Conflict of Interest Statement
Matthew F. Chersich holds investments in the fossil fuel industry through his pension fund as per policies of the Wits Health
Consortium. The University of Witwatersrand holds investments
in the fossil fuel industry through its endowment and other financial reserves. The other authors have no conflicts of interest to declare.

Funding Sources
The CHAMNHA study and this paper were funded by the Research Council of Norway (RCN) [grant number 312601]; the Natural Environment Research Council (NERC) [grant numbers NE/
T013613/1, NE/T01363X/1], the Swedish Research Council for
Health, Working Life and Welfare in collaboration with the Swedish Research Council (Forte) [grant number 2019-01570]; and the
National Science Foundation (NSF) [grant number ICER2028598]; coordinated through a Belmont Forum partnership.

Nakstad/Filippi/Lusambili/Roos/Scorgie/
Chersich/Luchters/Kovats

Author Contributions
Britt Nakstad drafted and finalized the manuscript. Veronique
Filippi, Adelaide Lusambili, Nathalie Roos, Fiona Scorgie, Matthew F. Chersich, Stanley Luchters, and especially Sari Kovats gave
substantial contributions to the conception and design of the work,
as well as acquisition, analysis, or interpretation of papers in the

work; and critically revised it for important intellectual content
and gave final approval of the version to be published. Britt Nakstad, Veronique Filippi, Adelaide Lusambili, Nathalie Roos, Fiona
Scorgie, Matthew F. Chersich, Stanley Luchters, and Sari Kovats
agreed to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.

References
1 IPCC. Summary for policymakers. In: Masson-Delmotte V, Zhai P, Pirani A, Connors
SL, Péan C, Berger S, et al., editors. Climate
Change 2021: the physical science basis contribution of working group I to the sixth assessment report of the intergovernmental
panel on climate change. London, UK and
New York, NY, USA; 2021.
2 Clark H, Coll-Seck AM, Banerjee A, Peterson
S, Dalglish SL, Ameratunga S, et al. A future
for the world’s children? A WHO-UNICEFLancet Commission. Lancet. 2020 Feb 22;
395(10224):605–58.
3 Cronjé HS. Intra-uterine temperature measurements during fetal tachycardia. S Afr Med
J. 1977 Sep 10;52(12):476–8.
4 Cil G, Cameron TA. Potential climate change
health risks from increases in heat waves: abnormal birth outcomes and adverse maternal
health conditions. Risk Anal. 2017 Nov;
37(11):2066–79.
5 Scrafford CG, Mullany LC, Katz J, Khatry SK,
LeClerq SC, Darmstadt GL, et al. Incidence of
and risk factors for neonatal jaundice among
newborns in southern Nepal. Trop Med Int
Health. 2013 Nov;18(11):1317–28.
6 Cheng TL, Partridge JC. Effect of bundling
and high environmental temperature on neonatal body temperature. Pediatrics. 1993 Aug;
92(2):238–40.
7 Smith CJ. Pediatric thermoregulation: considerations in the face of global climate
change. Nutrients. 2019 Aug 26;11(9):2010.
8 Kenefick RW, Cheuvront SN. Physiological
adjustments to hypohydration: impact on
thermoregulation. Auton Neurosci. 2016
Apr;196:47–51.
9 Krous HF, Nadeau JM, Fukumoto RI, Blackbourne BD, Byard RW. Environmental hyperthermic infant and early childhood death:
circumstances, pathologic changes, and manner of death. Am J Forensic Med Pathol. 2001
Dec;22(4):374–82.
10 Kakkad K, Barzaga ML, Wallenstein S, Azhar
GS, Sheffield PE. Neonates in Ahmedabad,
India, during the 2010 heat wave: a climate
change adaptation study. J Environ Public
Health. 2014;2014:946875.
11 Berko J, Ingram DD, Saha S, Parker JD.
Deaths attributed to heat, cold, and other
weather events in the United States, 2006–
2010. Natl Health Stat Report. 2014 Jul;
30(76):1–15.

Climate Change and Neonatal Health

12 Mannan I, Choi Y, Coutinho AJ, Chowdhury
AI, Rahman SM, Seraji HR, et al. Vulnerability of newborns to environmental factors:
findings from community based surveillance
data in Bangladesh. Int J Environ Res Public
Health. 2011 Aug;8(8):3437–52.
13 Basagana X, Sartini C, Barrera-Gomez J,
Dadvand P, Cunillera J, Ostro B, et al. Heat
waves and cause-specific mortality at all ages.
Epidemiology. 2011 Nov;22(6):765–72.
14 Geruso M, Spears D. Heat, humidity and infant mortality in the developing world. Working paper 24870. Cambridge, MA, USA; 2018.
15 Bernstein AS, Sun S, Weinberger KR, Spangler KR, Sheffield PE, Wellenius GA. Warm
season and emergency department visits to
U.S. Children’s Hospitals. Environ Health
Perspect. 2022 Jan;130(1):17001.
16 Niu L, Herrera MT, Girma B, Liu B, Schinasi
L, Clougherty JE, et al. High ambient temperature and child emergency and hospital visits
in New York City. Paediatr Perinat Epidemiol. 2022 Jan;36(1):36–44.
17 Chersich MF, Pham MD, Areal A, Haghighi
MM, Manyuchi A, Swift CP, et al. Associations between high temperatures in pregnancy and risk of preterm birth, low birth weight,
and stillbirths: systematic review and metaanalysis. BMJ. 2020 Nov 4;371:m3811.
18 Sahni R. Temperature control in newborn infants. In: Polin RA, Abman SH, Rowitch D,
Benitz WE, editors. Fetal and Neonatal Physiology. Elsevier; 2021. p. 423–45.
19 Harpin VA, Chellappah G, Rutter N. Responses of the newborn infant to overheating.
Biol Neonate. 1983;44(2):65–75.
20 Molgat-Seon Y, Daboval T, Chou S, Jay O. Accidental overheating of a newborn under an
infant radiant warmer: a lesson for future use.
J Perinatol. 2013 Sep;33(9):738–9.
21 Daily WJ, Klaus M, Meyer HB. Apnea in premature infants: monitoring, incidence, heart
rate changes, and an effect of environmental
temperature. Pediatrics. 1969 Apr;43(4):510–
8.
22 Stanton AN. Sudden infant death. Overheating and cot death. Lancet. 1984 Nov 24;
2(8413):1199–201.
23 Mishima K, Ikeda T, Yoshikawa T, Aoo N,
Egashira N, Xia YX, et al. Effects of hypothermia and hyperthermia on attentional and spatial learning deficits following neonatal hypoxia-ischemic insult in rats. Behav Brain
Res. 2004;151(1):209–17.

Neonatology
DOI: 10.1159/000525573

24 Jacobs SE, Berg M, Hunt R, Tarnow-Mordi
WO, Inder TE, Davis PG. Cooling for newborns with hypoxic ischaemic encephalopathy. Cochrane Database Syst Rev. 2013:
Cd003311.
25 McAdams RM, Juul SE. Neonatal encephalopathy: update on therapeutic hypothermia
and other novel therapeutics. Clin Perinatol.
2016;43(3):485–500.
26 Blakstad MM, Smith ER. Climate change
worsens global inequity in maternal nutrition. Lancet Planet Health. 2020 Dec; 4(12):
e547–48.
27 Hoban R, Medina Poeliniz C, Somerset E, Tat
Lai C, Janes J, Patel AL, et al. Mother’s own
milk biomarkers predict coming to volume in
pump-dependent mothers of preterm infants.
J Pediatr. 2021 Jan;228:44–52.e3.
28 Almroth S, Bidinger PD. No need for water
supplementation for exclusively breast-fed
infants under hot and arid conditions. Trans
R Soc Trop Med Hyg. 1990 Jul–Aug; 84(4):
602–4.
29 Victora CG, Bahl R, Barros AJ, França GV,
Horton S, Krasevec J, et al. Breastfeeding in
the 21st century: epidemiology, mechanisms,
and lifelong effect. Lancet. 2016 Jan 30;
387(10017):475–90.
30 Kobayashi K, Tsugami Y, Matsunaga K, Suzuki T, Nishimura T. Moderate high temperature condition induces the lactation capacity
of mammary epithelial cells through control
of STAT3 and STAT5 signaling. J Mammary
Gland Biol Neoplasia. 2018;23(1):75–88.
31 Ruys CA, van de Lagemaat M, Rotteveel J, Mjj
F, Lafeber HN. Improving long-term health
outcomes of preterm infants: how to implement the findings of nutritional intervention
studies into daily clinical practice. Eur J Pediatrics. 2021;180(6):1665–73.
32 Hengstermann S, Mantaring JB 3rd, Sobel
HL, Borja VE, Basilio J, Iellamo AD, et al. Formula feeding is associated with increased hospital admissions due to infections among infants younger than 6 months in Manila, Philippines. J Hum Lact. 2010 Feb;26(1):19–25.
33 Marriott BM, Campbell L, Hirsch E, Wilson
D. Preliminary data from demographic and
health surveys on infant feeding in 20 developing countries. J Nutr. 2007 Feb; 137(2):
518s–23.

7

34 Dadvand P, Basagana X, Figueras F, Sunyer J,
Nieuwenhuijsen MJ. Climate and group B
streptococci colonisation during pregnancy:
present implications and future concerns.
Bjog. 2011 Oct;118(11):1396–400.
35 MacFadden DR, McGough SF, Fisman D,
Santillana M, Brownstein JS. Antibiotic resistance increases with local temperature. Nat
Clim Chang. 2018 Jun;8(6):510–4.
36 Appenheimer MM, Evans SS. Chapter 24:
temperature and adaptive immunity. In: Romanovsky AA, editor. Handbook of clinical
neurology. Elsevier; 2018. p. 397–415.
37 Mirsaeidi M, Motahari H, Taghizadeh
Khamesi M, Sharifi A, Campos M, Schraufnagel DE. Climate change and respiratory infections. Ann Am Thorac Soc. 2016 Aug; 13(8):
1223–30.
38 O'Kelly B, Lambert JS. Vector-borne diseases
in pregnancy. Ther Adv Infect Di. 2020; 7.
2049936120941725
39 Nosrat C, Altamirano J, Anyamba A, Caldwell
JM, Damoah R, Mutuku F, et al. Impact of recent climate extremes on mosquito-borne
disease transmission in Kenya. PLoS Negl
Trop Dis. 2021 Mar;15(3):e0009182.

8

Neonatology
DOI: 10.1159/000525573

40 Olupot-Olupot P, Eregu EIE, Naizuli K, Ikiror
J, Acom L, Burgoine K. Neonatal and congenital malaria: a case series in malaria endemic
eastern Uganda. Malar J. 2018 Apr 20; 17(1):
171.
41 Xu Z, Bambrick H, Frentiu FD, Devine G, Yakob L, Williams G, et al. Projecting the future
of dengue under climate change scenarios:
progress, uncertainties and research needs.
PLoS Negl Trop Dis. 2020;14(3):e0008118.
42 World Health Organization. Operational
framework for building climate resilient
health systems. Geneva: World Health Organization; 2015.
43 Codjoe SNA, Gough KV, Wilby RL, Kasei R,
Yankson PWK, Amankwaa EF, et al. Impact
of extreme weather conditions on healthcare
provision in urban Ghana. Soc Sci Med. 2020;
258:113072.

44 Boundy EO, Dastjerdi R, Spiegelman D, Fawzi WW, Missmer SA, Lieberman E, et al. Kangaroo mother care and neonatal outcomes: a
meta-analysis. Pediatrics. 2016 Jan; 137(1):
e20152238.
45 Spatz DL. Ten steps for promoting and protecting breastfeeding for vulnerable infants. J
Perinat Neonatal Nurs. 2004 Oct–Dec; 18(4):
385–96.
46 Chipojola R, Chiu HY, Huda MH, Lin YM,
Kuo SY. Effectiveness of theory-based educational interventions on breastfeeding self-efficacy and exclusive breastfeeding: a systematic review and meta-analysis. Int J Nurs Stud.
2020 Sep;109:103675.
47 Sinha B, Chowdhury R, Sankar MJ, Martines
J, Taneja S, Mazumder S, et al. Interventions
to improve breastfeeding outcomes: a systematic review and meta-analysis. Acta Paediatr.
2015 Dec;104(467):114–34.
48 Teare J, Mathee A, Naicker N, Swanepoel C,
Kapwata T, Balakrishna Y, et al. Dwelling
characteristics influence indoor temperature
and may pose health threats in LMICs. Ann
Glob Health. 2020 Aug 3;86(1):91.

Nakstad/Filippi/Lusambili/Roos/Scorgie/
Chersich/Luchters/Kovats

